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Tab.1 PMMA material parameters
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Tab. 2 Experimental values of crack initiation angle under different loading modes

TS o 30° 45° 60°
RE(E 1 25.1° 32.7° 43.5°
I 2 22.5° 30. 8° 41, 8°
I 3 23.2° 34.2° 42.6°
I EH 23.6° 32.6° 42.63°
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Fig. 4 The diagram of Simulation analysis diagram
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Fig.5 Comparison of the distribution of stress intensity factors in the three loading angle crack line
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Experimental study and numerical analysis of
three-dimensional mixed fatigue crack propagation

SONG Yan-qi, LIU Ji-chen, LIU Xiao-zhen, LI Xiao-long, LI Xiang-shang
(School of Mechanics &. Civil Engineering. China University of Mining and Technology. Beijing 100083, China)

Abstract: Three-dimensional I- Il -type complex fatigue crack propagation tests of PMMA under
different loading angles are conducted on the MTS810 test machine. Crack propagation process of
sample is recorded by microscope. Using the extended finite element method, the stress intensity
factor at the crack tips is obtained. The results show that under different loading angles. the crack
propagation direction is perpendicular to the external load direction, and the initial extension path is
approximately close to a straight line. The crack initiation angle increases with the increase of loading
angle, consistent with the maximum circumferential tensile stress criterion. Along the thickness
direction, I-type stress intensity factor is symmetrically distributed along the center line, and the
largest stress intensity factor is located in the center of sample thickness, decreasing from center to
both sides and reducing to the minimum value at free surface. It is found that the crack also starts
from the center during the test. The numerical distribution of Il -type stress intensity factor is similar
to that of I-type, and tiny protrusions occur when approaching to the free surface, but the values of
Il -type stress intensity factor are always less than those of I-type stress intensity factor, and the I-
type stress intensity factor is dominant during the entire process of extension.

Keywords: PMMA; three-dimensional mixed model; crack propagation angle; extended finite

element; stress intensity factor



